Evidence of biochemical and geochemical evolution was sought in insoluble carbonaceous matter from 30 selected pre-Phanerozoic sediments ranging in age from about 3.8 to about 0.7 X 109 years. The carbon isotope ratios observed were in the range of -20 to -32 per mil with reference to the Peedee belemnite standard, similar to those previously reported. No systematic trends are obvious to us.
1 were pyrolyzed after removal of weathered surfaces, crushing, powdering in a Shatterbox (Spex Industries), and extraction with benzene-methanol by ultrasonication. The samples (10 mg) were pyrolyzed with a Pyroprobe (Chemical Data Systems) in a quartz tube placed in the platinum spiral sensor-heater of the probe, which was inserted in the injection port of a gas chromatograph (Perkin Elmer model 900). The samples were pyrolyzed in helium with 10-sec heat pulses successively at 250, 450, 600, 750, 900, and 10000C (J. Leventhal, manuscript submitted). This stepwise technique was used in order to remove volatiles (below 4500C) and then degrade the kerogen (above 6000C) with a minimum of destruction. With a 15 m long X 0.5 mm inside diameter Apiezeon L capillary column, no molecules of more than 8 carbon atoms were detected (less than 10-9 g in a 10 mg sample). By means of a 2 m long X 3 mm Porapak Q column the gases CO, CH4, C02, C2H4, and C2H6 were separated. In addition to the pre-Phanerozoic samples, blanks, standards, and younger samples were also analyzed (Table 3) . Calcium carbonate shows mainly C02; charcoal (or charcoal and sand) shows equal amounts of CO RESULTS AND DISCUSSION Carbon isotopes The nine pre-Phanerozoic sediments analyzed showed 13C/ 12C ratios similar in range to those reported in previously studied old sediments (25) ( Table 2 ). The relatively wide spread of these isotope ratios can be explained as a consequence of the chemical changes undergone by buried sediments, such as the evolution of C02 and CH4, which affect the carbon isotope ratios of the remaining carbon-containing material (26, 27 Pyrolysis studies on various simple organic molecules show characteristic temperatures at which pyrolysis takes place. Alcohols undergo pyrolysis over a wider temperature range and at a lower temperature (400 600°C) than n-alkanes (700-800°C), and they both differ from benzene, which pyrolyzes at 900-1100°C (31) .
Pyrolysis of Polymers gives their monomers. At higher temperatures the monomers decompose to smaller, simpler (33) . A stepwise pyrolyLow temperature heating of kerogens (37) for 100 hr at sis-gas-chromatography technique has been applied to sever-2660C gives methane as the most abundant product. Meth- ly amorphous carbon or hydrogen-poor pyrolysis residue. The CO2 is from decomposition of the carbonate portion of the rock. These younger samples (except Romney) also show components in the C12 to C20 range (J. Leventhal, manuscript submitted) as well as the light gases. Except for Romney, the CH4/C2H4 and CH4/C2H6 ratios were low (3 or less; except Kupferletten showed 9 for CH4/C2H6).
The pre-Phanerozoic samples give very different results (Table 4) showing only a few percent of the kerogen pyrolyzable to hydrocarbons, and no large molecules (less than 10-9 g of molecules with more than 8 carbon atoms in a 10 mg sample). In general, the CH4/C2H6 ratio was greater than 3 and C2H4 greater than C2H6.
Certain samples gave large amounts of methane: the Nonesuch Shale, Urquhart Shale, Biwabik Iron Formation, Gunflint Formation at Kakabeka Falls (Ontario), and Soudan Iron Formation. Relative to their total noncarbonate carbon, cherts from the Gunflint Iron Formation, Bitter Springs Formation, and Beck Spring Dolomite also gave large amounts of methane (Table 4) . In contrast to the younger samples, CH4/C2H4 ratios were generally greater than 3. A few samples, however, showed lower ratios; shale from the Hector Formation, chert from the Beck Spring Dolomite, Shungite from the USSR, the Menihek Shale, siltstone from the Rove Formation, chert from the Soudan Iron Formation, and metasiltites from the Isua supercrustals of Greenland.
Relative to CH4, certain samples showed more ethane: Shungite, Menihek, Soudan, and Isua. A few samples showed more ethane than ethylene; shale and chert from the Gunflint Formation at Kakabeka Falls and Urquhart. However, most of the samples showed much more ethylene than ethane (Table 4) .
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